Introduction
In order to quantify how much energy certain building uses, performing energy analysis is of great importance. Energy analysis plays an important role in developing an optimal HVAC and architectural design for new buildings and in determining cost effective modifications to existing buildings [1] .
There are four major purposes for performing building energy analysis: to evaluate various architectural design concepts; to demonstrate code compliance; to provide estimates of operating and maintenance costs over the lifetime of the building; to improve understanding of how energy is used in buildings [2] .
Several models [1] [2] [3] [4] [5] are available for estimating building energy consumption, and each of these models has its strengths and weaknesses. These models can be divided into following types: steady-state, quasi-steady-state and dynamic. Furthermore, energy analysis methods can be either simplified methods or simulation methods. Nearly all simplified methods are based on steady-state models, and simulation methods are all based on quasi-steady-state or dynamic models. Simplified methods require less data and are appropriate for simple systems and applications. If only one parameter is used, methods are called single measure methods. The most commonly used of these methods is a well known Degree-Day method. If several parameters are used, methods are called multiple measure methods. The bin method is the best known of these methods. The common for all the simplified methods is that they are easy to comprehend, do not require special computer skills and can be used by vast majority of engineers.
Current practice in Serbia, widely accepted by HVAC engineers, is that for estimating heating energy consumption, fixed-base Heating Degree-Day method is used for all building types and the cooling energy consumption is not calculated at all. In order to include cooling energy consumption, either cooling degree-days should be calculated or the other method should be used. Since the bin method incorporates calculation of both heating and cooling energy consumption, it represents a good alternative to current practice in Serbia, especially because advanced computer skills are not required and it is easy to comprehend.
Degree day data are available for most of the cities in Serbia but the bin weather data are not regularly available. The aim of this paper is to present the way to generate bin weather data for cities in Serbia where hourly meteorogical records exist. The bin weather data can be defined as the number of hours in one year when the outdoor dry bulb temperature was in each of a set of equally sized temperature intervals (bins) of outdoor dry bulb temperature [1, 6] .
-----------------Temperature increments representing bins are arbitrary, but the accuracy of the energy analysis increases when increments decrease. In most cases the increments have the value of 2°C, but also they can obtain other values (i.e 2.8°C or 3°C).
Number of daily shifts into which the values of outdoor dry bulb temperatures are going to be classified is also arbitrary, but widely accepted practice is to select 3 or 6 equally sized daily shifts representing occupied and unoccupied periods of building use.
Bin methods
When heat loss coefficients of building, system efficiency or balance point temperature are not sufficiently constant (case in most non-residential buildings), the degree day method should not be used (like it is the case now in Serbia). For these applications using basic and modified bin method can yield good results for annual energy consumption. These procedures can account for the part load performance of HVAC equipment and specifically used for analysis of heat pump systems.
The basic bin method consists of performing instantaneous energy calculations at many different outdoor dry bulb temperature conditions, ti, and multiplying the results by the corresponding number of hours, Nbin,i, in the bin centered on temperature ti [1, 6, 7, 8] :
where Ktot is total heat loss coefficient of the building, η is efficiency of the HVAC system and tb represents balance point temperature (value of outdoor temperature bellow or above which heating or cooling is required). In Eq.
(1), the plus superscript refers to heating energy consumption and only positive values should be counted. For cooling energy consumption only negative values should be counted.
In order to obtain total energy consumption Eq. (1) is applied for each bin, and these values are summed.
where m represents total number of temperature bins.
Eq. (1) and Eq. (2) refer only to sensible energy consumption. Since, in most of buildings latent loads occur as well as sensible, latent energy consumption should be calculated using mean coincident wet bulb temperature of each bin.
The modified bin method recognizes that the building loads are both time and temperature dependant. For calculation of building energy consumption usually two periods are used representing occupied and unoccupied period [1] .
Meteorogical database, psychrometrics and bin weather data
In order to generate corresponding number of hours for each bin, Nbin,i, hourly measurements of outdoor dry bulb temperature are needed for sufficient period of time, preferably more than 5 consecutive years. These hourly values should then be classified into intervals with a constant temperature increment and selected number of daily shifts. This procedure has to be repeated for every month and every year of the time period. Results of these calculations must be averaged over the whole time period and represent corresponding number of hours Nbin,i.
If, in energy analysis, latent energy is to be taken into account, mean coincident wet bulb temperature for each of the bins has to be calculated. For calculation of mean coincident wet bulb temperature, hourly values of relative humidity and atmospheric pressure are needed. Calculation of wet bulb temperature for each hour of the observed period can be performed with the procedure which follows [9] .
Saturation pressure pws is calculated as the function of outdoor dry bulb temperature. For the temperature range -100°C to 0°C, the saturation pressure is given by:
where C1 = -5.674 535 9 E+03 C2 = 6.392 524 7 E+00 C3 = -9.677 843 0 E-03 C4 = 6.221 570 1 E-07 C5 = 2.074 782 5 E-09 C6 = -9.484 024 0 E-13 C7 = 4.163 501 9 E+00
For the temperature range 0 to 200°C, the saturation pressure is given by:
ln( ) = 8 + 9 + 10 + 11 2 + 12 3 + 13 ln( )
where C8 = -5.800 220 6 E+03 C9 = 1.391 499 3 E+00 C10 = -4.864 023 9 E-02 C11 = 4.176 476 8 E-05 C12 = -1.445 209 3 E-08 C13 = 6.545 967 3 E+00
After calculating saturation pressure, partial water vapor pressure pw is calculated using relative humidity φ:
Afterwards, the humidity ratio w is determined as a function of measured atmospheric pressure and calculated partial water vapor pressure: = 0.62198 • −
(6)
Humidity ratio on saturation point ws is calculated using saturation pressure:
Finally, the wet bulb temperature t* is estimated, and the humidity ratio w' is calculated: 
where ws* is the humidity ratio on saturation point for temperature t*, and it is calculated using Eq. (3), Eq. (4) and Eq. (7) When values obtained from Eq. (8) and Eq. (6) coincide, then the estimated temperature t* represents coincident wet bulb temperature. Firstly, these values have to be attached to temperature bins and then averaged over the whole time period. Results represent mean coincident wet bulb temperature for appropriate bin.
If the atmospheric pressure is not being measured hourly or if there are no records of atmospheric pressure, barometric pressure for location for which bin data are being calculated can be used in previous equations in order to derive mean coincident wet bulb temperature. Barometric pressure, for certain location, is a function of the latitude Z, and can be calculated from the following equation: 
(9)
Calculated corresponding number of hours and mean coincident wet bulb temperature represent bin weather data for selected location.
Bin weather data for City of Niš, Serbia
Following the above described procedure, bin weather data for city of Niš in Serbia have been generated using hourly measurements of outdoor dry bulb temperature, relative humidity and the atmospheric pressure for the period 2002-2017 (except 2010, 2011 and 2012). The measurements were obtained from Republic Hydrometeorogical Service of Serbia-Meteorological observatory Niš and refer to Meteorogical station which is situated near the city center (longitude 21°54'Е, latitude 43°20'N, altitude 202m).
Bin weather data have been calculated with 2°C temperature increments in six daily 4h shifts for each month of every year and for each year. These values were averaged, and thus monthly and annual bin data have been calculated. In this paper only bin data for the selected winter (January) and summer (July) month in Niš, as well as annual bin data are presented. 
Conclusions
Described procedure for bin weather data generation can be useful for building and HVAC specialist in order to obtain necessary weather inputs to perform simplified energy calculations for new or refurbished buildings using one of the bin methods. These data are of special interest for air-to-air or air-to-water heat pump applications if equipment performance are provided. The procedure can be applied for other cities where described meteorogical data exist. Monthly bin data can be used for better part-load energy analysis of designed HVAC systems. 
